We present the first sub-arcsecond images of 49 Ceti in the [C I] 3 P 1 -3 P 0 emission and the 614 µm dust continuum emission observed with ALMA, as well as that in the CO(J=3-2) emission prepared by using the ALMA archival data. The spatial distribution of the 614 µm dust continuum emission is found to have a broad-ring structure with a radius of about 100 au around the central star. A substantial amount of gas is also associated with 49 Ceti. The [C I] emission map shows two peaks inside the dust ring, and its overall extent is comparable to that of the dust continuum emission and the CO emission. We find that the [C I]/CO(J=3-2) intensity ratio significantly varies along the major axis. The ratio takes the minimum value of 1.8 around the dust peak position, and increases inwards and outwards. The enhanced ratio around the central star (∼3) likely originates from the stellar UV radiation, while that in the outer disk (∼10) from the interstellar UV radiation. Such
complex distributions of the [C I] and CO(J=3-2) emission will be a key to understand the origin of the gas in 49 Ceti, and will also provide a stringent constraint on physical and chemical models of gaseous debris disks. Recently, several debris disks harboring a gas component have been discovered in survey observations at optical, infrared, and radio wavelengths, and its origin has been discussed in terms of the evolution of protoplanetary disks and the formation of planetary bodies. In fact, many debris disks are known to reveal submillimeter-wave CO emission, e.g., 49 Ceti (Hughes et al. 2017 ), β Pictoris (Dent et al. 2014) , and 15 others or more (e.g., Kóspál et al. 2013; Moór et al. 2013 Moór et al. , 2017 Matrà et al. 2017; Hughes et al. 2018) . In addition to the CO emission, the submillimeter-wave [C I] emission has been observed toward a few debris disks. For instance, Higuchi et al. (2017) 
detected the bright [C I]
3 P 1 -3 P 0 toward 49 Ceti and β Pictoris with the ASTE 10 m telescope. The [C I] emission has also been observed with ALMA toward β Pictoris (Cataldi et al. 2018 ) and HD 131835 (Kral et al. 2018) . Interestingly, the [C I] intensity is found to be higher than the CO intensity, which contrasts with the protoplanetary disk case (Tsukagoshi et al. 2015; Kama et al. 2016) . However, the origin of the strong [C I] emission from debris disks is not well understood.
49 Ceti is a famous A-type star, located at d = 57±0.3 pc (Gaia Collaboration et al. 2018) , at the age of 12 -50 Myr (Zuckerman & Song 2012; Zuckerman 2019) . The CO emission was first detected with JCMT (e.g., Zuckerman et al. 1995; Dent et al. 2005) , partially resolved with SMA (Hughes et al. 2008) , and clearly imaged with ALMA (Hughes et al. 2017; Moór et al. 2019 ). Thanks to the high-resolution observation with ALMA (0. ′′ 56×0. ′′ 45), Hughes et al. (2017) found tentative evidence for a warp in the CO emission. According to the ASTE observation by Higuchi et al. (2017) , the [C I] line profile resembles that of CO. This result suggests that atomic carbon (C) would coexist with CO in the debris disks, and C is likely formed by the photodissociation of CO. Furthermore, a simple chemical model indicates a small number of H 2 molecules in the gas disk. However, the above interpretation depends on the physical parameters, such as visual extinction and dust size, employed in chemical models, and thus it is necessary to resolve the spatial distribution of the disk in order to understand the effect of UV radiation from the central star and from interstellar space. Although the [C I] emission from β Pictoris (Cataldi et al. 2018 ) and HD 131835 (Kral et al. 2018) Hughes et al. (2017) .
Data reduction was performed by using version 5.3.0 of the Common Astronomy Software Applications (CASA) package (McMullin et al. 2007 ). The 614 µm continuum map was obtained from a combination of all the line-free channels and by using natural weighting. [C I] and CO images were obtained by using natural weighting. The CASA task tclean was used to Fourier-transform the visibility data and to deconvolve the dirty images at a velocity interval of 0.10 km s −1 . For the [C I] and CO images, the same parameters in tclean were used. In this paper, we present results of the 614 µm dust continuum, the [C I] 3 P 1 -3 P 0 line emission, and the CO(J=3-2) line emission. is distributed to a broad-ring structure around the central star. The overall extent of the emission is estimated by the broad-ring model reported by Hughes et al. (2017) . Details of the model are described in Appendix A. We derive the inner and outer radii of the distribution to be 60±10 au and 250±20 au, respectively (see Table 1 ).
Although the 850 µm continuum emission also reveals a similar structure (Hughes et al. 2017) , the broad-ring shape is obtained with a higher signal to noise ratio (S/N) in our 614 µm continuum observation. The dust temperature derived from the model fitting of the spectral energy distribution is 57 K (Holland et al. 2017) , while the mean excitation temperature is reported to be 32 K (Hughes et al. 2017) . Hence, we assume the range of dust temperature to be from 30 to 100 K based on these reports. Assuming optically-thin thermal dust emission and a dust mass opacity of κ ν =2.3×(ν/230 GHz) β cm 2 g −1 with β of 0.7 (Moór et al. 2017) , we estimate the total dust mass to be less than 0.15 M ⊕ .
[C I]
3 P 1 -3 P 0 and CO(J=3-2) line emission emission (τ ) is derived to as high as be 43±7 by using the following relation:
where the elemental 12 C/ 13 C ratio of 77 (Wilson & Rood 1994 ) is assumed and the slightly frequency difference between the 12 CO and 13 CO lines is ignored. In addition, it is assumed that the two CO isotopologues have the same excitation temperature and are spectro-spatially co-located. The to K is given as :
Jy beam −1 , where θ maj is the major axis, θ min is the minor axis, ν is the frequency, and S is the flux density.
12 CO(J=2-1) line is indeed optically thick. Likewise the CO(J=3-2) line is most likely optically thick as well.
For this reason, the CO mass evaluated from the optically thin 13 CO emission (> 0.01 M ⊕ ) is higher by two orders of magnitude than the previous estimate (> 10 −4 M ⊕ ) (Hughes et al. 2017; Higuchi et al. 2017) . Thus, the CO mass in 49 Ceti is higher by three orders of magnitude than the CO mass (3.4 × 10 −5 M ⊕ ) in β Pictoris (Dent et al. 2014; Matrà et al. 2017 ).
We face a similar but more serious situation for the optical depth of the [C I] emission. Considering that the [C I] intensity is comparable to or even higher than the CO intensity, we cannot simply assume the optically thin condition for the [C I] emission. Thus, it is difficult to derive the column densities of CO and C from the observed intensities based on the current dataset. Therefore, we qualitatively discuss the behavior of the characteristic variation of the [C I]/CO intensity ratio in this study.
As shown in Figure 4 , the [C I]/CO intensity ratio increases from the intermediate part to the inner and outer parts. This trend can be interpreted as the different variation of the number density of C and CO along the major axis, the different variation of the excitation temperature of the [C I] and CO emission, or the mixture of both.
First, we discuss the case that the both [C I] and CO lines are optically thick and the variation of the [C I]/CO intensity ratio reflects the different variation of the excitation temperature. Here, we simply assume the configuration shown in Figure 5 . We consider the stellar UV radiation and the interstellar UV radiation for a heating source. The stellar UV radiation will be attenuated by a large amount of C and CO in the mid-plane, as shown in Figure 5 , and hence, their excitation temperature would monotonously decrease with increasing distance from the central star. If a decreasing rate as a function of the radius is higher for CO than for [C I], the radially increasing feature of the [C I]/CO intensity ratio from the intermediate part to the outer part could be explained. Since CO is expected to reside mainly in the dense region near the mid-plane, its cooling should be efficient. Thus, the higher decreasing rate for CO seems reasonable.
In the inner part, we need to consider an additional effect, because the [C I]/CO intensity ratio increases toward the central star. This means that the excitation temperature of [C I] becomes higher than that for CO as approaching the central star. Since C can reside in the surface layer of the inner edge of the broad ring structure facing the central star ( Figure 5 ), it is subject to stronger heating than CO. Indeed, the [C I] emission peak is closer to the central star in the inner part than the CO emission peak. Thus, the increasing [C I]/CO intensity ratio toward the central star seems reasonable with this picture. In any case, the UV radiation from the central star and/or the interstellar UV radiation plays an important role in the variation of the [C I]/CO intensity ratio.
Second, we discuss the possibility that the variation of the C and CO abundances along the major of C due to the interstellar UV irradiation would contribute to the trend to some extent. If we simply assume the optically thin condition for the both lines, the C/CO abundance ratio in the outer region is roughly estimated to be 100 by using the equations (1) and (2) Above all, the combination of the both effects, the variation of the excitation temperature and that of the C and CO abundances, would be the case for the inner and outer regions. The C/CO abundance ratio in the gas is mainly determined by the strength of the UV radiation and the amount of H 2 molecules (e.g., Higuchi et al. 2017; Iwasaki et al. 2019) . The former controls the dissociation of CO to produce C and C + , while the latter contributes to the reproduction of CO from C + . However, the optical depth problem hampers quantitative discussions on the C/CO abundance ratio. For detailed modeling, we need spatially-resolved images of the other transitions of 12 CO, 13 CO and [C I], which allow us to make a correction for the optical depth effect.
3.5. Future perspective for understanding origin of gas So far the origin of the gas in debris disks has been discussed on the basis of two scenarios: the secondary gas coming out from dust grains and the primordial gas remaining from the protoplanetary stages. Recently, Kral et al. (2018) based on the secondary gas scenario. In their model, CO is outgassing from the planetesimal belt,
i.e., the dust ring, and is photodissociated to form C. The gas will then spread viscously inwards and outwards. Although there is no definitive evidence for outward viscous spreading in our data, this picture ( Figure 4 of Kral et al. (2018) ) is qualitatively similar to our observational results ( Figure   3 ). They also point out a sharp drop of CO, which can be an evidence of the secondary gas scenario.
However, it is difficult to identify such a feature in the current dataset.
If the gas is primordial, i.e., the remnant gas from the protoplanetary disk, the gas dispersal from the protoplanetary disk stage has not been completed yet in this object. However, observational studies on dispersal mechanism are sparse, although it has been discussed for the cluster forming regions with intense UV radiation from nearby massive stars, e.g., Orion nebula (Adams et al. 2004; Armitage 2011; Mann et al. 2014) . In these sources, photoevaporation plays a crucial role. It is thus important to explore how this process can work in rather isolated sources like 49 Ceti with the reasonable time scale.
Broad-ring distributions of the dust continuum emission have been discovered in the continuum emission by recent ALMA observations toward several transitional disks such as DM Tau (Kudo et al. 2018 ), J1604-2130 (Dong et al. 2017; Mayama et al. 2018) , Sz 91 (Tsukagoshi et al. 2019) and HD 135344B (van der Marel et al. 2019) . For these sources, the CO emission associated with the disk is distributed inward of the dust ring. In the inner region (dust hole), the stellar UV radiation Above all, the origin of the gas is still controversial, but the spatial distributions of the [C I], CO and continuum emission will be an important constraint to solve this problem. One way to understand the origin of gas is to trace the gas dispersal stage from protoplanetary disks into debris disks. Although it is challenging to carry out a long-time integration survey of the [C I] emission toward transitional disks, a statistical study of the spatial resolved [C I]/CO intensity ratios from protoplanetary disks to debris disks is highly awaited to trace the gas dispersal stage.
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The best-fit result is listed in Table 1 and the corresponding model images and residuals are presented in Figure 6 . A grid-based search is conducted to find the minimum χ 2 (Figure 7 ). This best fit result in the reduced χ 2 is calculated to be 3.32 for the dust continuum, 5.55 for [C I], and 4.50 for CO, respectively. As shown in the residual maps (Figure 6 ), the model images capture major features of the distributions and hence, the model parameters are used for comparison of the distributions in Sections 3.1 and 3.2. to the 1σ error (the 68% confidence level).
